This report provides an update from the U.S. Department of Agriculture -Centers for Disease Control and Prevention Sentinel Foods Surveillance Program, exploring changes in sodium and related nutrients (energy, potassium, total and saturated fat, and total sugar) in popular, sodium-contributing, commercially processed and restaurant foods with added sodium. In 2010-2013, we obtained 3432 samples nationwide and chemically analyzed 1654 composites plus label information for 125 foods, to determine baseline laboratory and label sodium concentrations, respectively. In 2014-2017, we re-sampled and chemically analyzed 43 of the Sentinel Foods (1181 samples), tested for significant changes of at least ±10% (p < 0.05), in addition to tracking changes in labels for 108 Sentinel Foods. Our results show that the label sodium levels of a majority of the Sentinel Foods had not changed since baseline (~1/3rd of the products reported changes, with twice as many reductions as increases). Laboratory analyses of the 43 Sentinel Foods show that eight foods had significant changes (p < 0.05); sodium content continues to be high and variable, and there was no consistent pattern of changes in related nutrients. Comparisons of changes in labels and laboratory sodium shows consistency for 60% of the products, i.e., similar changes (or no changes) in laboratory and label sodium content. The data from this monitoring program may help public health officials to develop strategies to reduce and monitor sodium trends in the food supply.
Introduction
High sodium intake has been linked to increased chronic disease risk, especially for cardiovascular diseases [1] [2] [3] . Americans (>14 years of age) consume over 3400 mg/day on average [4] , i.e., about 50% more sodium than the recommended limit of less than 2300 mg/day in the 2015-2020 Dietary Guidelines for Americans (DGA) [5] , Healthy People 2020 [6] , and the 2019 Dietary Reference Intake level recommended for Chronic Disease Risk Reduction [1] . The majority of the sodium intake in the U.S. is from commercially processed and prepared foods with added sodium [7, 8] . Hence, national and international public health agencies consider reducing sodium content of these Scheme 1. Summary of the steps, methods, and sample sizes used for tracking changes in nutrient values, as a flow chart. a Baseline Sentinel Foods were sampled in 2010-2013 and resampled in 2014-2017. b Please see Reference [20] for details on sampling plan and chemical analysis methodology. c Composite-homogenized one or more samples of the same food. d Related nutrients studied-energy, potassium, total and saturated fat, and total sugar.
The purchased samples were shipped to laboratories at Virginia Tech or Texas Tech Universities and prepared as per package directions (if needed). One or more samples, mostly of the same brand but two different locations, were further combined and homogenized into 1654 composites, to reduce cost of chemical analyses (See Scheme 1). These composites were shipped, along with blinded matrixmatched in-house or standard reference quality control materials to pre-qualified laboratories to
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Laboratory Label The purchased samples were shipped to laboratories at Virginia Tech or Texas Tech Universities and prepared as per package directions (if needed). One or more samples, mostly of the same brand but two different locations, were further combined and homogenized into 1654 composites, to reduce cost of chemical analyses (See Scheme 1). These composites were shipped, along with blinded matrix-matched in-house or standard reference quality control materials to pre-qualified laboratories to measure sodium, potassium, total fat, saturated fat, total sugars, total nitrogen, moisture, ash, and alcohol (if applicable) concentrations per 100 g, among others. Not all composites were analyzed for all nutrients, to save on laboratory costs. For example, canned tuna and bacon were not analyzed for total sugar, and concentration was assumed to be zero. The methods of analysis and sample sizes for each nutrient/food component are listed in Supplemental Table S2 . The results from chemical analysis were reviewed by chemists and nutritionists, and validated against the results from blinded reference materials [26] . NDL calculated carbohydrate by difference for each of the composites using the equation: Total carbohydrate by difference = 100 − [water, protein, total lipid, ash, and alcohol in g/100 g], and total energy based on the Atwater system [27] . The nutrient contents for sodium and related nutrients of the composites were then weighted by market share of the brands of the composites to determine nationally representative sales-weighted nutrient contents for the Sentinel Foods, using the following equation, sales-weighted mean = wx/ w, where w represents the market share of the brand of the composite, determined using point-of-sales data, and x refers to the analytical nutrient content of the composite.
Information on the nutrition facts panel (NFP) from packaged food samples or from restaurant websites, if available (henceforth referred to as labels), were saved for 110 Sentinel Foods. These generally included major national brands and 1-2 private-label brands. No labels were available for 15 foods, mainly from in-store bakery or local restaurants, such as fried rice from local Chinese restaurants. Multiple label values were saved when the sodium values were different for the same brand collected from different retail outlets. The nutrient values declared on labels and from laboratory analysis of samples mainly obtained from 2010-2013, represent the baseline nutrient values against which future assessments were compared to track changes.
Tracking Changes in Nutrient Values
The Scheme 1 summarizes the steps, methods, and sample sizes used for tracking changes in nutrient values.
Changes in label nutrient values: NDL tracked labels of Sentinel Foods again in 2017 (some labels were collected in late 2016), representing major national brands and selected private-label brands (generally Walmart ® or Safeway ® brands, if available). The brands and the type of product selected (e.g., Brand A crinkle fries for french fries, frozen) were based on the most recent consumer point-of-sale from Information Resources, Inc. (IRI) [28] . Sodium content declared on the label, and the source (directly from manufacturers or restaurant chains, their websites, or the NFP of the products) from where the information was obtained were saved in a Microsoft Excel spreadsheet. A post-hoc comparison of declared label sodium values against the analytical contents for the baseline samples, showed that the majority of the values were in agreement, supporting the use of labels as a tracking mechanism [29] . For this report, we compared the label serving weight and sodium values per serving for 108 Sentinel Foods, represented by 1-5 labels common to both the baseline and 2017-label dataset (239 products). Twenty-eight labels did not have the serving weight information listed, mainly restaurant foods; hence, we assumed the serving weight to be the same as at baseline. If there were changes in the serving size on the 2017-label, we used the 2017 serving weight to calculate sodium per 100 g (sodium per 100 g = (sodium per serving × 100)/serving weight). We determined changes in declared sodium values for each product label using the equation-change in label sodium (%) = (2017 label sodium − baseline label sodium)/(baseline label sodium) × 100, and grouped percent changes by brand into five categories-reductions in sodium values (<−20%; ≥−20% and ≤−10%), increase in sodium values (>20%; ≥10% and ≤20%), and no change (>−10% and <10%), and then determined their frequency distribution. A change of at least ±10% was considered as minimal change, as per our established criteria, based on our review of analytical variability for chemical analyses of sodium [20] . The comparisons were made for each product label, rather than Sentinel Foods, as different brands can potentially have changes in declared sodium content in different directions (i.e., reduce or increase or no change). We re-checked all changes over 20% against the label image by an alternate staff, to detect typographical errors.
Changes in laboratory nutrient contents: As per the initial monitoring plan, the 125 Sentinel Foods were to be periodically resampled and chemically analyzed every 4-8 years, and the periodicity was determined and described in detail [20] . Due to reduced funding, only a subset of 43 of the 125 foods were resampled. The initial plan was supplemented with several other data sources to identify the 43 Sentinel Foods. These data sources included-a. review of top 10 food categories for sodium intake in the U.S., to ensure adequate representation of the top categories [30] ; b. dietary intake data from the latest WWEIA, NHANES, prioritizing Sentinel Foods with higher contribution to total sodium intake; c. changes in label sodium values prioritizing Sentinel Foods with changes ; d. Sentinel Foods with larger differences in label and laboratory values at baseline [29] . NDL resampled 43 Sentinel Foods staggered over years 2014-2017 (Table 1 ) (exception: white bread was sampled in late 2013, and packaged macaroni and cheese and ramen noodles were re-sampled in early 2018), to obtain 1181 samples, combined one or more samples into 650 composites and chemically analyzed them using similar procedures as in baseline, with one exception. Consumer point-of-sale data from Nielsen [25] used to identify brands to sample in baseline was replaced with similar data from IRI [28] . We determined the sales-weighted mean sodium content for each of the 43 resampled Sentinel Food and compared to their baseline sales-weighted mean content, and determined change using the equation: Change in laboratory sodium (%) = (resampled laboratory sodium content − baseline laboratory sodium content)/(baseline laboratory sodium content) × 100. Furthermore, for foods with at least ±10% change in laboratory sodium value, we identified changes in related nutrients (potassium, total fat, saturated fat, total calories, and total sugar per 100 g) of at least ±10%. We did not compare total fat for three foods-canned tomatoes, green beans, and tuna, as their laboratory total fat contents for both baseline and resampled foods were less than 1 g/100 g, and our review of results for reference quality control material have shown high analytical variability for such foods. The resampled laboratory data were used for further evaluations, detailed below, as they provide insights especially on the variability of the foods and help validate the changes in labels. 
Comparison of Changes in Labels and Laboratory Sodium at Brand Level
NDL identified changes in label sodium values from baseline to 2017 for the 43 resampled foods by brand. For one food (Brand A for canned ravioli), there were two 2017-labels with different declared sodium labels, so we used the mean sodium per 100 g as the 2017-label sodium for the brand. For seven sentinel foods (11 brands), we used 2015 label data, as these foods were chemically analyzed in 2015. Furthermore, we determined mean changes in laboratory sodium content by brand, and the changes in laboratory sodium of the Sentinel Foods by brand (%) using the equation: (resampled laboratory sodium content of brand − baseline laboratory sodium content of brand)/(baseline laboratory sodium content) × 100. We compared the changes in labels against changes in laboratory sodium by brand on per 100 g basis for 70 common brands. Private-labels and few top brands that changed due to changes in market share were not included in these comparisons. We grouped the results as follows-1. No change in label or laboratory sodium content, 2. changes in label sodium but not laboratory sodium, 3. changes in laboratory sodium but not label sodium, 4. changes in both label and laboratory sodium content in the same direction, and 5. changes in label and laboratory sodium content in the opposite directions.
Comparison to FDA's Draft Voluntary Sodium-Reduction Targets
NDL assigned FDA's draft food categories to the 43 Sentinel Foods, based on description and source (packaged or restaurant) (Supplemental Table S3 ). For most foods, the assignment was direct, such as the Sentinel Food, 'Italian Dressing' was assigned to the FDA category 'Salad dressing'. For few foods, substitutions were used. For example, Sentinel Food, 'French fries, frozen' was assigned to the FDA category, 'Fried Potatoes without Toppings', restaurant as sodium targets were not available for packaged frozen french fries. FDA draft categories are broader and represent many foods other than the linked Sentinel Food and FDA used food labels for packaged foods and menu data for restaurants mainly from 2010, adjusted by market share of the sales volume to determine the baseline sodium concentrations [18] . Each of the categories have target sodium concentrations indicating FDA's sales-weighted goals for the food category, short (2-year) and long-term (10-year). We compared estimated sales-weighted laboratory sodium content (mg per 100 g) of resampled Sentinel Foods to FDA's short-term and long-term target sodium contents by calculating percent differences and identified foods with percent difference ≥ 10%, i.e., higher than 10% of the FDA's target sodium content. Percent difference = (sales-weighted laboratory sodium content − FDA target)/FDA target) × 100. To provide better understanding of the results, we also compared baseline sodium content of Sentinel Foods to FDA's baseline and targets.
Comparison to FDA Sodium Limits for 'Healthy' Foods
NDL compared amounts of sodium per serving to the FDA limits for sodium for the nutrient content claim 'healthy', using the same methods as used for baseline (based on type of food and RACC (Reference Amounts Customarily Consumed) or serving size [19] ). We used the baseline categorization of the Sentinel Foods as 'individual' or 'meal-type/main dishes' and serving size/RACC information, and compared the sodium contents to the FDA criteria 21 CFR §101.65(d) (2) (480 mg per serving or per RACC for individual foods with RACC > 30 g; 480 mg/50 g for individual foods with RACC ≤ 30 g; 600 mg/serving for meal-type/main dishes) [31] . FDA has several other criteria for the nutrient content claim 'healthy'; however, comparisons were only made for the sodium criteria.
Statistical Analysis
For foods with at least ±10% change in laboratory sodium content, NDL tested for significance of difference (alpha = 0.05) using the R (version 3.4.1) [32] package EMMeans [33] , after rank transforming nutrient data, fitting a ranked regression model with the ranked nutrient content as the dependent variable and the type (baseline or re-sampled) as the independent variable, and weighting by market share. Statistical tests were not done when data were skewed or multi-modal, extremely heteroscedastic, sample sizes (n) were insufficient (n < 6), or when the differences were lower than 10%. The p-values for each food, across all nutrients were then adjusted for multiple comparisons using the 'holm' correction procedure. We also determined measures of variability (standard deviation (SD), coefficient of variability (CV) (=SD/mean), and range for each Sentinel Food) for sodium and related nutrients. All statistical analyses were performed using R (version 3.4.1). Figure 1 presents a histogram of distribution of changes (%) in the declared label sodium values of 239 products (representing 108 Sentinel Foods) from baseline to 2017. The majority (66%) of the label sodium values did not change as per our criteria (at least ±10%). Changes were observed for about one-third of the labels (80 of 239 labels). There were more than twice as many reductions (n = 55 labels) as increases in declared sodium values (n = 25 labels). Change in label sodium Table 2 lists changes of at least ±10% in the label sodium values, between baseline and 2017, specific to brands, sorted by food category. Large changes (<−20% or >20%) in sodium content were observed for 31 of the 80 changes in labels, many of which were among top sodium contributors [30] including specific brands of American cheese, flour tortillas, pork sausage, fast food pepperoni and cheese pizza, and breaded chicken sandwich (reductions), whereas label sodium content increased for specific brands of American cheese, flour tortilla, white bread and hamburger rolls, bologna, meat and poultry frankfurters, among others. In terms of Sentinel Foods (not product labels, as in Figure  1 ), about half of the Sentinel Foods (n = 49 of 108) had no changes in label sodium levels for all brands examined. Sodium levels reduced for 39 foods and increased for 14 foods, consistently in the same direction for different brands of the same food. However, for six Sentinel foods-flour tortilla, fast food cheese pizza, fast food macaroni and cheese, frozen lasagna, American cheese and frozen corn dogs, some brands increased, whereas others decreased. Among the food categories represented by the 108 Sentinel Foods, there were no changes in label sodium levels since baseline among the category salad dressings and mayonnaise. Overall, changes in the sodium content of foods within categories were mixed, e.g., some foods in the cheese category decreased in sodium concentrations whereas others increased. The patterns of no change, reductions, and increases were similar irrespective of where the food was obtained from, i.e., store or restaurant. Of the 48 restaurant food labels tracked, 30 had no Table 2 lists changes of at least ±10% in the label sodium values, between baseline and 2017, specific to brands, sorted by food category. Large changes (<−20% or >20%) in sodium content were observed for 31 of the 80 changes in labels, many of which were among top sodium contributors [30] including specific brands of American cheese, flour tortillas, pork sausage, fast food pepperoni and cheese pizza, and breaded chicken sandwich (reductions), whereas label sodium content increased for specific brands of American cheese, flour tortilla, white bread and hamburger rolls, bologna, meat and poultry frankfurters, among others. In terms of Sentinel Foods (not product labels, as in Figure 1 ), about half of the Sentinel Foods (n = 49 of 108) had no changes in label sodium levels for all brands examined. Sodium levels reduced for 39 foods and increased for 14 foods, consistently in the same direction for different brands of the same food. However, for six Sentinel foods-flour tortilla, fast food cheese pizza, fast food macaroni and cheese, frozen lasagna, American cheese and frozen corn dogs, some brands increased, whereas others decreased. Among the food categories represented by the 108 Sentinel Foods, there were no changes in label sodium levels since baseline among the category salad dressings and mayonnaise. Overall, changes in the sodium content of foods within categories were mixed, e.g., some foods in the cheese category decreased in sodium concentrations whereas others increased. The patterns of no change, reductions, and increases were similar irrespective of where the food was obtained from, i.e., store or restaurant. Of the 48 restaurant food labels tracked, 30 had no changes, 12 decreased, and six increased in sodium content. Similarly, for 191 packaged food labels tracked, 132 had no changes, 41 decreased, and 18 increased in sodium content. NDL tracked 37 labels for private-label products: 18 had no changes, 14 decreased, and five increased in sodium content. Table 3 lists baseline and resampled sales-weighted mean and variability measures for laboratory sodium content (mg per 100 g) and percent change in the sodium content. Our results show that for 25 of 43 Sentinel Foods resampled, sodium content did not change as per our criteria of at least ±10%. We observed changes for 18 of the 43 foods; for 10 of the 18 foods with changes, the sodium content reduced, whereas for the other eight foods the sodium content increased. These changes could have been due to market share changes or reformulation of products to reduce sodium. The changes were statistically significant for eight of the 43 foods (p < 0.05). The sodium concentration was 10% to 26% lower for beef hot dogs, canned tuna, refrigerated biscuit dough, fast food pepperoni pizza and canned chili with meat and beans, whereas the sodium concentration was 10% to 30% higher among pork sausage, frozen french fries, and packaged macaroni and cheese. Figure 2 presents the changes in sales-weighted mean baseline and resampled sodium content for these 18 foods sorted by relative change in sodium content. In terms of biggest absolute changes in mean sodium content, sliced ham decreased by 334 mg (26% decrease) from 1279 to 945 mg/100 g, and pork sausage increased by 155 mg (19% increase) from 814 to 969 mg/100 g. Figure 3 shows changes in related nutrient contents for 16 foods that had changes of at least ±10% for sales-weighted sodium and one or more related nutrient estimates. Of these 16 foods, there were significant changes (p < 0.05) for seven foods, as follows: increases in energy (two foods), total fat (one food), total sugar (one food), and potassium (three foods), and decrease in saturated fat for one food. Figure 4 shows the results from laboratory analyses of sodium (mg/100 g) for individual composite samples (n = 650) for the 43 resampled foods. Taco shells, fast food and frozen french fries, Italian dressing, corn dogs, and canned tomatoes had the highest CVs. Cheerios, canned chili, salsa, catsup, and fast food soft beef tacos had the lowest CVs. Of these, for Cheerios and beef tacos only one prominent brand was sampled, whereas several brands were sampled for other foods. The range for sodium per 100 g was widest for barbecue sauce (623 to 1530 mg), pork bacon (1240 to 2110 mg), and Italian dressing (926 to 1630 mg) (all over 700 mg) among the 43 resampled foods. Table 3 also compares the sales-weighted laboratory sodium content (mg per 100 g) of 43 resampled Sentinel Foods to FDA's short-term and long-term target sodium concentrations for the category. Eighteen of the 43 resampled foods have a sodium content 10% or higher than the FDA short-term targets for their assigned category, nine of the 18 foods have mean sodium content ≥20% than the short-term target. The latter includes dill pickles, fast food soft beef tacos and pepperoni pizza, flour tortillas, frozen French fries, Italian dressing, potato salad, refried beans, and salsa. Twenty-five of the 43 resampled foods had sodium content either lower or within 10% of the FDA short-term target for the assigned category. Eighteen of these 25 foods had sodium content either lower or within 10% of the short-term FDA target at baseline too. The additional seven foods that meet the short-term targets on resampling are barbecue sauce, beef frankfurters, fast food chicken sandwich, microwave popcorn, packaged ham, pretzels, and refrigerated biscuits. However, four foods that had met the short-term FDA targets at baseline had increases in their sales-weighted sodium content, and do not meet the targets anymore. These include-corn dog, pork sausage, frozen french fries, and potato salad. Only four Sentinel Foods are either lower or 10% or less of the long-term FDA targets-canned green beans, tomatoes and tuna and taco shells. Table 3 also compares the sales-weighted laboratory sodium content (mg per 100 g) of 43 resampled Sentinel Foods to FDA's current sodium limits for the claim 'healthy'. About half (21 of 43) of the Sentinel Foods, exceeded the FDA sodium limit for 'healthy', similar to baseline results. There were some shifts in the foods as compared to the baseline. There were increases in the mean sodium content per RACC for resampled pork sausage and potato salad exceeding the 'healthy' limit, whereas there were reductions in sodium content below the 'healthy' limit for refrigerated biscuit dough, barbecue sauce, beef frankfurters, and packaged ham. FDA guidelines require the food to meet several other criteria such as for fat and saturated fat content; however, we only compared to the sodium criteria. Hence, many of these foods may still not meet the FDA overall criteria for 'healthy'. Figure 5 shows comparison of changes (%) in label and mean laboratory sodium by brand (mg per 100 g), for each of the 70 common brands. Our comparison shows the following-no change of at least ±10% in label or laboratory sodium content (n = 35 brands of the Sentinel Foods), changes in label sodium but not laboratory sodium (n = 12), changes in laboratory sodium but not label sodium (n = 14), changes in both label and laboratory sodium content in the same direction (n = 7), and changes in label (reduction) and laboratory sodium content (increase) in the opposite directions (n = 2). Comparison of changes (%) in the label and mean laboratory sodium (mg per 100 g) by brand (n = 70); * Change is defined as at least ±10% change in sodium content from baseline. To make the figure easy to read, product descriptions were shortened, and not added for products with no change in laboratory and label values (in red). Each observation represents a brand; hence, some descriptions may be repeated. Comparison of changes (%) in the label and mean laboratory sodium (mg per 100 g) by brand (n = 70); * Change is defined as at least ±10% change in sodium content from baseline. To make the figure easy to read, product descriptions were shortened, and not added for products with no change in laboratory and label values (in red). Each observation represents a brand; hence, some descriptions may be repeated.
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Discussion
This report provides an update of results from the USDA-CDC Sentinel Foods Surveillance Program. Our results show that the label sodium levels of the majority of Sentinel Foods had not changed since baseline. About one-third of the products reported changes, with twice as many reductions as increases. Laboratory analyses of the Sentinel Foods and comparisons to the current FDA sodium criteria for 'healthy' and short-and long-term targets for sodium reduction shows that only eight of the 43 foods had significant changes (p < 0.05) and sodium content continues to be high and variable across brands and foods. Reductions in sodium were generally not accompanied by a consistent pattern of increase in calories, total fat, saturated fat, and sugar, or change in potassium. A comparison of changes by brand using dual methodology-labels and laboratory analyses-showed consistency for 60% of the products, i.e., similar changes (or no changes) in laboratory and label sodium content. For the rest, there were changes in labels, but not validated by laboratory analyses, and vice versa. The data from this program complement other sodium monitoring efforts at CDC and FDA [18, 35] , and may help public health officials to strategize methods and efforts needed to reduce and monitor sodium trends in the food supply.
Our results from tracking of labels are comparable to others [36] . Previous studies reported reductions in some categories but not all, and more reductions than increases in sodium content. However, these studies reported reductions in a much larger proportion of foods. For example, Clapp et al. [36] reported sodium reduction in about half of the products from 2009 to 2015, Poti et al. [37] for seven of the 10 food group sources of sodium from 2000 to 2014 by at least 10%, and Jacobson et al. [38] in~40% of the~400 products monitored from 2005 to 2011. We saw reductions in only a quarter of the products. This may be related to the different time periods and our definition of change as at least ±10%, among other factors. Clapp et al. defined it as ±1%, and others calculated it as any change in the mean value [36] . Jacobson et al. [38] ) also noted an increase of 2.6% in mean sodium and increase in over half of the 78 fast food restaurant foods tracked from 2005 to 2011. Wolfson et al. [39] reported no significant changes (p < 0.05) in sodium content of foods from fast food/restaurants on the menu both in 2012 and 2016. We did not observe different patterns between packaged foods and foods from fast food/restaurants. Tracking restaurant foods using labels can have additional challenges, as the labeling guidelines for menu labeling do not require listing gram weights of the serving size on the labels, as is the rule for packaged foods [40] . Hence, changes in sodium content per serving may not translate to changes in sodium per 100 g.
The use of laboratory data provides several insights into the food environment. We continue to see substantial variability among different brands for a given food. For example, laboratory sodium content of taco shells ranged 3-593 mg/100 g (label values ranged from 0-571 mg/100 g (0-160 mg/serving)). The impact of variability on sodium intake is exacerbated when the serving sizes are higher. For example, the laboratory sodium values for different brands of fast food breaded chicken sandwich ranged from 400-721 mg/100 g. Therefore, a person who had one serving of the sandwich could potentially have a difference of~500 mg per day i.e., a difference of about 20% of the daily value, depending on what brand they chose. The high variability among top brands in sodium contents highlights the potential for sodium reduction, as some brands have lowered the sodium content of their products, overcoming the technical challenges, while continuing to maintain high sales volume. Furthermore, it emphasizes the continuing need for consumer education for reading labels before purchase, as different brands of a similar food can have very different sodium content.
We also observed considerable variation in laboratory sodium content even within a brand. Differences of over 400 mg/100 g in sodium content within a brand were observed for specific brands of bacon, and ramen noodle soup; and on the basis of serving size, we observed differences of about 200 mg/serving (~7% of the Daily Value) for specific brands of fast food pepperoni pizza, fast food cheeseburger, and ramen noodle soup. It highlights the need for food manufacturers and fast food restaurants to improve control of the manufacturing process to reduce variability and improve accuracy of labels, as a strategy for sodium reduction [35] .
While all Sentinel Foods are important contributors to sodium intakes in the U.S., a review of the foods that contribute the most represent the top 10 food categories in the U.S. [21] , and were chemically analyzed in our study, shows mixed results-reductions (e.g., packaged ham, fast food pepperoni pizza, and breaded chicken sandwich), increases (e.g., pork sausage, packaged macaroni and cheese), and no changes (e.g., American cheese, ramen noodle soup, and white bread). Use of analytical data allows us to compare the data against older analytical sodium content data collected before baseline [20] . The analytic data prior to baseline shows that for some of the foods, such as white bread for which no changes in sodium concentration were observed from 2010, manufacturers might have made changes before our baseline study. However, the sales-weighted mean sodium content for some top contributors such as American cheese and ramen noodle soup remained unchanged.
Our review of changes in related nutrients does not show a pattern where food manufacturers and restaurants may increase total sugar, total fat and saturated fat when they reformulate their products to reduce their sodium content, as was a concern [12, 20] . For example, of the 10 foods that had reductions in sodium, only four of them had significant (p < 0.05) changes of at least ±10% in sales-weighted related nutrient estimates. These were all increases-energy in canned chili, total fat in barbeque sauce, and potassium in barbecue sauce, refrigerated biscuit dough, and fast food breaded chicken sandwich. Some of changes may not be nutritionally significant, for example, the changes (p < 0.05) in total fat for barbecue sauce from 0.6 to 1.5 g/100 g. Changes in potassium were observed in about half of the foods with sodium changes, mainly increases, and three of the foods with sodium reductions. Some of these changes, although not all, could be related to addition of potassium salts (a salt substitute), such as in refrigerated biscuit dough. We did not observe the synergistic reductions in sodium and calories, as reported by Clapp et al. [36] .
Comparisons to FDA's proposed short-term and long-term targets at baseline and on resampling, and to the FDA's sodium limit for the claim 'healthy' mimics the general pattern observed for sodium content of Sentinel Foods, i.e. no changes in majority, however, for foods with changes, there are more reductions than increases in sodium content. More than half of the Sentinel Foods had sodium content either lower or within 10% the FDA short-term target for the assigned category on resampling, similar to baseline. FDA categories are broader and represent many foods, for example, canned tomatoes assigned to FDA category 'canned vegetables' also include Sentinel foods refried beans, and green beans, that have very different sodium profiles. Furthermore, FDA used label data mainly from 2010 or before to determine the baseline values, whereas the Sentinel Foods were mainly sampled in 2010-2013, and FDA regulations allow for over-declaration of sodium content [41] . Our objective was to identify foods that had sodium content either lower or within 10% the FDA targets, and not the exact target sodium content. For example, American cheese with sodium content of 1279 mg/100 g is within 10% of the FDA target, though higher than the target of 1210 mg/100 g. This method of using within 10% for comparison may not be similar to FDA's methods of comparison. Irrespective, reductions in sodium content are needed for many foods to meet the short-term targets, and for almost all foods to meet the long-term targets. Similar to baseline, about half of the foods exceeded the sodium limit for the current FDA criteria for a "healthy" label claim at resampling, demonstrating the need for sodium reduction. At both baseline [19] , and at re-sampling all main dishes and most restaurant foods exceeded the FDA sodium limit for the claim 'healthy', though only limited numbers were analyzed at resampling (5 main dishes and 6 restaurant items).
Our use of dual methods to track changes-labels and laboratory analyses-provides perspectives not possible otherwise to the complexity of changes in the market place and the monitoring methodologies. Our comparison of changes in labels and laboratory analyses by brand (around similar time period and excluding private-label products), shows that 60% of the products either had no changes or changes in the same direction, based on both labels and laboratory analyses. For the rest, there were changes in labels, but not validated by laboratory analyses, and vice versa. For example, American cheese, brand A had a reduction in label sodium of 28%, but no changes in laboratory sodium values, whereas macaroni and cheese, brand A had no changes in the label sodium values, but the laboratory sodium content increased by 19%. Many foods, including canned tuna and ranch dressing (brand A) had no change in label values, but had a decrease in laboratory sodium, indicating possible stealth reduction in the product [41, 42] . Only two products: fast food French fries, brand A and frozen French fries had label reductions but increases in laboratory sodium. A post-hoc analysis of the differences in baseline label and laboratory values for the Sentinel Foods showed majority of the label and laboratory sodium values were in agreement; about 19% of the label and laboratory values had differences of at least ±20% [31] . Overall, labels can provide a valid method for tracking sodium content, especially as nationwide sampling and chemical analysis is expensive and the U.S. food supply is constantly changing. Laboratory analyses are useful to validate changes in labels. Comparison of changes at the Sentinel Food level are more difficult to categorize and compare. It shows inconsistent reformulations across brands (in different directions or varying in level of change) and changes in market shares of the top brands, or combination of changes in product profiles and market shares. For some foods, substitutions of the UPC#'s were made for tracking labels or for collection of samples, further obscuring the situation.
Reducing the sodium content of commercially processed and restaurant foods has been recommended as an effective strategy to reduce sodium intake in the U.S. [12] . Reductions across the food supply are important, as it helps the consumers who may not read labels or are not aware of the need to reduce sodium. Cogswell et al. predicted a reduction of~700 mg/day (3417 mg/day to 2719 mg/day) in the sodium intake of the U.S. population, aged 1 and older, if the sodium levels were to meet the NSRI targets [43] . The FDA draft long-term targets aim at reductions in sodium intake in the U.S., to~2300 mg/day. Hence, continued reduction of sodium content of foods is necessary to achieve the population-wide reductions in dietary intake. Several food manufacturers have made consistent efforts and have been successful in reducing the sodium content of their products [44] . These efforts need to be continued, expanded, and accelerated along with monitoring, to ensure the efforts are sustained and any unintended consequences are averted.
Strengths and Limitations
The strengths of our study include the selection of foods based on dietary intake data from the national survey, use of consistent methodology (statistically valid nationwide sampling, inclusion of major national and private-label brands, chemical analysis of foods using standardized analytical methods) and a two-prong approach (labels from samples, where possible plus chemical analysis, with intent to validate changes in labels) for determining sodium content of Sentinel Foods at baseline and resampling. Furthermore, laboratory analyses can provide information on nutrients not consistently provided on labels, such as potassium.
The limitations of the study include the limited number of Sentinel Foods being tracked (albeit contributing about one-third of the sodium intake, and representative of the top food sources), hence it does not provide a comprehensive review of the changes in the sodium content of foods in the market place in the U.S. The number of foods that were chemically analyzed was further reduced due to resource limitations, leading to selection bias in resampled foods. However, labels were reviewed for all Sentinel Foods, and majority of the labels were found to be accurate when tested at baseline [29] . While similar methodology was used at both time points, except for the change in the source of market-share data, there were instances when there were changes in the products sampled, due to non-availability of the desired products or purchase of different products but very similar front-of-package. Other limitations of the study methods have been previously detailed [19, 20] .
Conclusions
This report provides an update of results from the federal inter-agency Sentinel Foods Surveillance Program. Our results show that some progress had been made in sodium reduction in the market place; however, sodium content for many highly consumed foods continued to be high and variable. Continued efforts are needed by the food manufacturers to lower the sodium content of packaged and restaurant foods, and for public health officials to monitor the progress. Further, the study provides a better understanding of the complexity of sodium monitoring, which may help public health officials to strategize methods and efforts needed to reduce and monitor sodium trends in the food supply.
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